INTRODUCTION

58
During pregnancy, maternal metabolism adapts to support offspring growth. In particular, 59 there are changes in insulin sensitivity, which affects the availability and fate of nutrients in 60 both mother and conceptus (1, 2) . The specific adaptations depend on the stage of pregnancy 61 as metabolic demands increase with expansion of the gravid uterus (3,4). In humans and rats, 62 early pregnancy is a period of lipid accumulation and unchanged or increased insulin 63 sensitivity, whereas, later pregnancy is characterised by lipid mobilisation and insulin 64 resistance, common features of overt Type 2 diabetes (1,2,5,6). Indeed, whole body resistance 65 to the hypoglycaemic action of insulin has been reported during late pregnancy in a wide 66 range of species including rabbits, dogs, sheep, horses as well as rats and humans (7-13). It is 67 often accompanied by reduced maternal glucose utilisation, particularly in skeletal muscle, Tissue insulin receptor (IR) abundance appears to be unaffected by pregnancy, although there 84 is evidence for defects in the early stages of insulin signal transduction downstream of the IR 85 in skeletal muscle of both rats in late pregnancy and pregnant women insulin resistant due to 86 obesity or gestational diabetes (19-23). Hence, the aims of this study were to measure 87 glucose-insulin dynamics, whole body insulin sensitivity and tissue insulin signalling proteins 88 in non-pregnant (NP) mice and in pregnant dams in late gestation and close to term. C57B1/6 mice was used in the study because this strain has been used extensively to investigate the
122
DEXA scanning
123
Whole body fat and lean mass content were determined by DEXA scanning (Lunar PIXImus 124 densitometer; GE lunar Corp., Madison WI) in intact NP females (n=10) and hysterectomised 125 pregnant mice killed by cervical dislocation between 08.00-10.00 h (D16 n=7, D19 n=10).
126
Values were expressed as a proportion of total body weight in NP mice and of 127 hysterectomised weight in pregnant dams.
129
Glucose tolerance test and insulin tolerance test 130 Conscious NP and pregnant mice received either a GTT (NP n=11, D16, n=9, D19 n-8) or
131
ITT (n=6-8 mice per group) after fasting from 08.00 h for 6 h or 3.5 h, respectively. Blood 
Hyperinsulinaemic-euglycaemic clamp
139
The HEC was performed as described previously (25). Briefly, NP and pregnant mice fasted 140 for 2.5 h (NP n=7, D16, n=5, D19 n=6) were anaesthetised with a mixture of ventranquil: 141 dormicum: fentanyl (1:2:10 in 3 units of water, 10 μl/g body weight, ip, Janssen-Cilag,
142
Tilburg, Netherlands) and maintained at 37ºC using a servo-controlled thermopad (Harvard were measured simultaneously using a 2-plex specific immunoassay (Meso Scale Discovery).
172
The inter-assay coefficients of variation (CV) were 10.8% and 9.7%, respectively. heavier during pregnancy (Table 2) . However, DEXA scanning showed that no significant 217 changes in body fat content during pregnancy ( and individual fetuses weighed less while the placentas weighed more at D16 than D19 with no difference in litter size between the two groups (Table 2) . Hepatic fat and glycogen content were higher in total during pregnancy in line with the increased tissue weight but not 221 when expressed per mg tissue (Table 2) . Skeletal muscle fat content of pooled samples 222 appeared to be greater in pregnant than NP animals when expressed per mg tissue (Table 2) .
223
Pregnant dams increased their food intake relative to NP females from D9 of pregnancy (data 224 not shown).
226
Metabolites and hormones concentrations 227
Blood glucose concentrations were unaffected by pregnancy in the fed state but were 228 significantly lower than NP values in both pregnant groups after 3.5 h of fasting (Table 3 ). At 229 6 h of fasting, blood glucose levels were similar to those seen at 3.5 h of fasting in NP and
230
D19 groups but were significantly higher than at 3.5 h of fasting in D16 dams (Table 3 ). In 231 fed animals, plasma FFA concentrations were significantly lower in both pregnant groups 232 than in NP females with the lowest values in D16 dams (Table 3) . Cholesterol concentrations
233
were also significantly lower during pregnancy and declined significantly between D16 and 234 D19 (Table 3) . Insulin concentrations were significantly higher in D16 dams than NP females
235
with intermediate values in D19 dams (Table 3) . Plasma leptin concentrations were higher 236 while plasma IGF1 levels were lower in pregnant than NP groups, with no significant 237 differences with gestational age (Table 3) . Blood glucose concentrations were significantly lower than baseline 15 min after acute 247 insulin injection in all 3 groups and remained depressed for up to 120 min ( Figure 1B ).
248
However, the decrement in blood glucose concentrations was greater in NP than both 
266
This difference varied widely between individuals, particularly in D16 dams, and was only a 267 significant increment in NP females, indicative of insulin resistance in both D16 and D19 268 dams ( Figure 2D ). During hyperinsulinaemia, EGP continued at a significant rate in all 3 269 groups (p<0.02, greater than zero, all groups, t-test) and occurred at the highest rate in D16 270 dams ( Figure 2D ). Hepatic insulin sensitivity, calculated as a significant difference in 271 glucose production between basal and hyperinsulinaemic states, was only detected in D19 272 dams and was greater in absolute value at D19 than D16 ( Figure 2D ). pregnant and NP animals nor between D16 and D19 dams (Table 4) . Fetal p2DG content was 281 similar to that of maternal tissues at both ages (Table 4) . Placental p2DG content was 282 significantly higher than in the fetus or maternal tissues at D19, but not at D16 (Table 4) . ( Figure 3D ). Hepatic FATP1 was lower in D19 dams than NP females ( Figure 3C ).In skeletal 300 muscle, SREBP was reduced in D16 but not D19 dams while PPARγ and LPL abundance 301 were lower in both pregnant groups relative to NP values ( Figure 3D ). Skeletal muscle 302 expression of LPL was greater and FATP1 was less at D16 than D19 ( Figure 3D ). glycogen associated with the increased relative size of the liver during pregnancy.
369
Particularly at D16, EGP was activated readily and sustained for several hours. Blood 370 glucose concentrations were higher after fasting for 6 h than 3.5 h and could be increased substrates for feto-placental tissues during late gestation (44).
400
In summary, the marked insulin resistance of glucose utilisation and production at D16 will 401 favour fetal glucose acquisition when fetuses are entering their maximal growth phase (31). 
